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1. Introduction 

This computer, which is now nearing completion, will have the 
following general characteristics: 

Word Length 52 bits 

Arithmetic Floating point (multiply time 5 to 1© microseconds) 

Instruction leng th 15 or 26 bits 

Address length 15 bits 

Index registers (also called Modifiers) 26, each 25 bits long 

Main Memory £192 (or 2 13 ) words of core memory arranged in two, 1*096 word 
memories* 

Msmory Cycle 1.0 usee for each memory 

Past Memor y 10 words, 0.2 usee access time 

Back-up Memory Two drums 65,556 words total, 7 usec/word 

Two disc files about 10 million words total 
10 IBM 729 MK VI magnetic tape units 

Input paper tare 1,000 alphanumeric characters/sec 
punch card 800 cards/minute 

Output line printer 600 lines minute 
punch card 250 cards/minute 
paper tape HO characters/sec 

Mode of Operation Parallel, highly concurrent 

Special Features Interrupt, memory protection, 1/0 protection 

Possible Later Additions 1/0 from remote stations, oscilloscope 1/0 direct 
link to IBM 709^ computer and to pattern recognition computer now being designed 
at the Digital Computer Laboratory, larger core memory, faster ari thm etic. 

Present Status 

One, 1*096 word core memory is buUt end running at a cycle time between 
1.6 and 2.0 usee (microseconds). 

Paper tape 1/0 is built and running. 

Fast Memory is built and debugged. 
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present Stst v-B (continueil) 

Pleating point arithmetic unit is built and nearly all Instructions 
are debugged. Present multiply time Is about 12 usee. 

Floating point arithmetic is performed by the arithmetic unit under 
the control of "Delayed Control," A siapls overall control called AGO executes 
just one instruction per word, without Indexing, is now sequencing the above 
equipment. 

Completion Schedule Ctentatlv e) 

Summer 1962 Advanced Control, which incorporates the final order code, and has 
the ability to operate memory la parallel with arithmetic. 

fall 1962 Interplay, which allows up to 52 concurrently operating I/O channels 
or back-up memory channels to time-share the core memories. Full 
Interrupt system. Speed-up of arithmetic. 

Winter 1962- First 32,768 words of magnetic drum memory, core memory protection 

3-963 

equipment. 

Spring 1965 Line printer, card reader and punch, and k magnetic tape unite. 
Summer 1963 Second core memory, second drum, 6 more magnetic tape units* 
Fall 1963 Disc jfiles. 

Preliminary Remarks on Programming 

From the above specifications, this is a very high speed scientific 
computer with a core memory which is small for machines In its class, and with 
a powerful system of back-up memories. It is hoped that the disc files can be 
modified to each deliver a word every 20 usee. 

In the paat decade, the speed of computer arithmetic has gone up by a 
factor of 100, memory speed has gone up by a factor of 10, memory size by a 
flactor of 10, and the speed of input-output has Increased by a still smaller 
factor. The resulting machine imbalance can be offset partly through hardware 
by means of 

(a) provision of many concurrently operating devices, together with 
interrupt and protection equipment 

(b) fast temporary storage registers and a compact order code to 
reduce the number of memory references, 
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(c) ; ,«ro^' ■' fdon of adequate storage space so data to or fro© busy 
d=5vi' ~>n *y b« stacked up for iuture use, 

-:vt pt-.ri-ly -.hiro'.'.gii programming by such means as 

(<i) fC£TJC;.ir« {; : future Jaca requirements and calling for transfers bat*-.- 
core memory and, peripheral equipment early enough tnat tne datf. ;>; 
always in core memory when needed 

(e) formulating problems in such a way as to reduce references to bach--.--, 

memories* 

(f) switching to another problem either because it has a higher prior • 
or because the present problem would leave the machine idle 
(Multiprogramming) . 

Since a fast computer is also an economical computer,, there is tb»? 
problem of making the machine more accessable to people, particularly people 
whose problems are not so great as to tax the entire computer system. Some 
worthwhile goals are 

(a) Input routines and compilers which are efficient and easy to use. 

(b) Short turn around time (possibly as low as 10 minutes) for short 
problems or automatic code checks from, say, 8 a.m. to midnight. 

(c) Input -output from remote stations , 

2. general Mode of Operation 

The principal controls and data paths are shown in Figure 1. There 
are three main control units in this computer called Delayed Control. Advanced 
Control* and Interplay,, 

Delayed Control 

Floating point arithmetic is performed in a double precision accumulator 
in the arithmetic unit under the control of Delayed Control. ISf and OUT are word 
registers rtiich contain respectively &he operand for :he next Delayed Control 
instruction, and the result of the last Delayed Conbrol store order. 
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Mv»ry inafcructlc.u is obeyed first by Advanced Control. Some > 
■vUtnu, •-)= «? ti&ose which only change the value of a modifier register \; . 
■r-i&r re^sier) are obeyed in their entirely by Advanced Control using t>.- 
;>Mt vide address arithmetic unit. For orders obeyed by Delayed Comr , 
."„>:, ?arii:»i Control must form any address required, obtain any operand re^u..:. 
■ail j.u*:.--e U in the IK register in advance of the instruction execution > 
lfc>jy«:i Cont'oi; and store any result from OUT after the instruction fas* •■• 
obeyed tgr flayed Control. Advanced Control must also do the following; 

(a) Transfer words of instructions from core memories into 2 regies t*- •-.■-■ 
called #8 and f$ in the fast memory. 

(b) Sequence the control counter to define the core address and posiu. 
inside the word of the present instruction. 

(c) Prepare instructions destined for Interplay. 

(d) Time-snare the core memories with Interplay, 

(e) ftrogram interrupt, to be explained later. 

Interplay 

The basic Interplay operation is a block transfer between the core 
manory and any one of the input/output devices or back-up &aiaorles, This opera- 
tion requires one interplay channel, which containc counters, word assembly 
equipment, and provision for accessing core memory and censing the sad of a 
block transfer. Most devices have their own private Interplay channel. In the 
case of magnetic tape units, there will be several units associated with a 
channel, at most one connected to the channel at any one time. Any number of 
channels may bo running simultaneously, and in this case the core memories are 
time-shared among the various Interplay channels and Advanced Control, fbr an 
Interplay order, Advanced Control constructs an address in the address arithmetic 
unit (AAU) and sends it on to Interplay, 

NOTE. In the case of the paper tape reader and punch, there is also a direct 
path to or from the AAU, so Advanced Control may also perform single tape 
character reada or punches independent of Interplay. 



.5- 



Of-^: iS^s-AS/ ;! : J« 2%€ "-.ssacry cantai&ing ail even-numbered locations? 
0, -', *v, .. . 63 SO. 

« ro M',s?r,rj -;'j -. ";■>« m<anory containing all odd-numbered, locations s 
i, 5, >* » ■•». 3i?&. 

,^te; For 5. it period when only 1 core memory is attached to the 
machine, its locations are numbered 0, 1, 2, ».., 24095 > and higher 
©adreaaes refer to locations in this memory modulo UQ$6 so address 
hj-}6 refjis tr, locality 0, 4097 refers to 1, ..«, 8191 refers to W/ ■• 

jfcst Memory -. Registers called SO,, 71, ..., P9 are specialised in purpose-, 

ffi, SS' contain words of ioiifcructioas currently being obeyed by the computet., 
F8 holds the contents of ®<*ne even<»numbered location from Core Memory #0, sic 
?V uoida tha contents of the next higher numbered memory locations its addres : - 

:•• odd so it came from Core-; Memory #1. Each of these registers is subdivided 
lilt-, k, IVbit fields called control groups. An instruction is made up of on.?: 
<»r wo central groups, and is classified as short or long respectively* Raa^L-V: 
from left (imosfc 8ignifionnt) to right in a word, the control groups are numb*?"- ' 
0, 1, d t J: /. long instru. vlou occupies any two consecutive control groups i 
■•xammy, without restriction, 'Vbvs word 2000, control groups and 1 couli ! ;c ■ 
u long instruction which would ha obeyed from $6,0 and P8,l,. Likewise P0O?\ 
t AX>l,0 could nolo a long i'.tst ruction executed from £8,3 and F9,0 and loeA&i - 
i-001,3 and 2002,0 could liold & long instruction executed frcsr. F9,3 and (after 
automatic refill of F8 and £9) ficcm F8,0. With the exception of the instructions 
GIF, 088, to be explained later, the programmer cannot refer explicitly to F0 »nd 
F9„ fheir use is automatic. 

Notes For the period when only 1 core memory is attached to tha machine, 
instructions are obeyed from F9- 

Wk f F5, F6,, F? are four registers which may sometimes be considered es 
full word registers or, more coauonly, each is divided into ^ 13-bit fields called 
modifiers. Ibese modifiers are numbered M0, Ml, ».., M15 and, reading from lef* 
to right 

Fk comprises MO, Ml, M2, M3 

F5 comprises Hk, WJ, M6, M? 

V6 comprises M8, M9, M10, Mil 

Ti comprises M12, M13, Ml h, M15. 



&>, for a-"^pl3 ? toe instruction CAM, M?„ 15 (clear add modifier * GAM) it.: 
:--^iA,*- tu« r^cest IJ bits of P5 by the integer 15, arid the instruct.!; • > 
'. i? #> ws*»ld umwuize, round-off and store the contents of toe float ing p;:- 
j uuftttiattx Into register P6, thereby overwriting modifiers M8, M9, M10> H;. 
In t.v5 letter oese K3 vill have most significant digit equal to 1 if the » : 
jjitor is negative, equal to sero if the accumulator is positive, and wow,-!. ': 
©closed of all zeros if and only if the accumulator held zero. 

¥k, 15 are temporary storage registers used for constants or intermediate 
floating point results. 

Pi (also called IN) and FO (also called OUT) are closely associated vlth the 
floating point arithmetic unit, in the following ways Advanced Control pre-p-: o>. 
every instruction obeyed hy the machine. Some, such as CAM above, it ccnplas I'l; 
executes itself, using a 13-bit Address Arithmetic Unit for any arithmetic r*;v 
Fpr instructions causing I/O actions, it constructs an address, and routes *m 
iuodified instruction on to Interplay. For instructions involving the float! w 
point arithmetic unit, Advanced Control constructs any address required, placet 
any operaud (obtained from core memory, or fast memory, or ficti the address ±t&-> 
in the register PI, and places the order in a register called DCR. 

Meanwhile, the floating point arithmetic unit, under Delayed Control, 
may be executing a previous instruction. When Delayed Control is ready to obey 
this instruction, it copies PI into an internal register In the Arithmetic Unit 
and decodes the order which is held in OCR. Nov PI still holds the operand react 
In so one can say in general that PI contains the operand used by the last D.C. 
(Delayed Control) instructiono Therefore, for example, one could squax*e the 
contents of memory location 200 with the program 

CAD 200 (Clear accumulator, add (200)} 
MPT Fl (Multiply by last operand). 

Results of Delayed Control store orders are placed in P0 and subsequently copied 
by Advanced Control to their correct destinations. If the stated destination is 
P0, then no further copying is necessary. Thus ?0 contains the last number stored 
from the Arithmetic Unit. Two further instructions IPE (Load Blast Register froa*. 
core memory) and 3FR (Store 5ast Register into core memory) are needed to complete 
the description of what is legal and what is illegal in the use of P0 and PI. 
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(1) Delayed Control operands may cane from any of FO through F7 or from core 
memory > 

(2) Delayed Control results may go to FO, F2, ..., 71 car core memory, hut not II. 

(3) IFR can load F2, . . . , F7 hut not FO or II. 
(k) SFR can store SO, F2, ..., F7 tot not PI. 

Interplay is responsible for reading and writing blocks of information 
batmen core memory and hack-up memory/\l/0 devices, concurrent with arithmetic. 
For block transfer purposes, the memory may be considered divided Into 32 blocks 
of 256 words each, 

block comprising locations to 255 

"block 1 comprising locations 256 to 5U 



block 31 comprising locations 7956 to 8^91 

Thus a full block begins at some multiple of 256 and ends 4ust before the next 
multiple of 256. Par transfers to or from drum or disc file, an entire block 
must be transferred at one time, For other devices an initial address not 
necessarily aqual to a multiple of 256 may be used, and Interplay decides that 
the transfer is over when the next multiple of 256 is reached, or a stop indication 
is received frea the device, whichever happens sooner. Initially, there will be 
one Interplay channel per device connected although it is also possible to have a 
number of devices on one channel. For input (or playback from dnsa or file) 
Interplay assembles characters into words, and periodically competes with 
Advanced Control for the use of memory to store one word. There is also a prior 
competition between the various interplay channels active at the time to see which 
wiH have the opportunity of competing for core memory. The completion of any 
block transfer causes Interplay to set an indicator which may cause program 
interrupt. (See below.) 

Memory protection is accomplished by means of the Block Checker , a 
device having 32 indicators (called block fllpflops), one for each 250-word fcloei. 
of memory. A block may be set busy (indicator on) because of an Interplay transit:/ 
in progress, or for any other reason. Subsequently all addresses going frees 
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.:.-; ;nn< ■--- 'X Go.>-..r*>' 1 t>> the cor? memories are checked to be sure that a &usv jv-j-. 

not- h*i ,g .referred to. Reference to a locked out block when not la lbs 
UiUerrjpt snoop (see below) is a program error and causes first read«»out >*vf * 
■■r i .i;e we requited, and second program interrupt., 

Bopyam Interrupt 

Under certain conditions, some of which have already been describe-. 
it is desirable to break into a program and execute a different program ret* to; 
the option to resume the old program where we left off. The action of leaving 
the program and retaining such information as is required to resume it later %h 
called program interrupt . Causes which might Justify interrupt include the 
following I 

(1) Correctable machine malfunctions, such as the incorrect read-in of a 
block from a magnetic tape unit. la this case it is very possible 

that a second reading of the same section of tape can be done error-fs -••■<■■ 
and it is convenient to have the system program tan lie this correction 
automatically for the programmer. 

(2) The completion of a block transfer or tape rewind, etc. In this case 
the prograamer or the system program may wish to give another block tr»u* 
fer to Interplay. 

(3) Illegal order executed by Advanced Control- I>arins program debugging 
it is desirable to print the location and contents iasaediateSy rather 
than allow control to proceed, perhaps obeying <3ata as instructions. 
In a production run the occurrence of an illegal order means either & 
machine malfunction or that the program was not properly debugged. 

(k) An unusual and possibly unwanted arithmetic result, such as floating 

point over flow o 
(5) Periodic real-time signals furnished by a clock. This permits a system 

program to supervise code checks, and possibly keep a log, etc. 

After interruption has taken place, the machine operates in a different 
mode called the interrupt mode, until a particular order is obeyed, (JBC with 
B-0 to be explained later) . In this mode orders referring to Interplay and to the 
Block Checker are made legal, all references to busy blocks are legalized, and no 



-^L»y mtori ;-,pt.tons may take place. An interrupt program determines the 
of the lat-msptlon, takes appropriate steps to remedy the situation, aiu-j, 
^isgible, :eswM the program with a JDC, B-0 order which takes it out of 
interrupt mode and hack to the program. 
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console switch, colored red, called the engineering switch, trl,, 
interrupt and ro&kes everything legal except, of course, non-existent orders. 

3« O rder Code for Floating goiat Arithmetic 

A word consisting of instructions is divided into k, lj-bit fields 
^ Ilec SSS&SLS££S& A « instruction consists of one or two control group* 
is referred to as short or long respectively. A short Instruction has 3 rial*-, 
reading from left to right or most significant to least significant. 

F 7 bits designating the operation to be performed. These bits may be 
designated by a 3-letter mnemonic such as MHf for multiply, or by one 
sexadecimal digit (base 16) followed by one octal digit. The paper tape 
code for the integers - 15 is ... 9 + . a b c d so i;fy is +o in sexa- 
decimal, octal or 1010000 in binary. 

B V bits usuaUy designating a modifier register t^ or a fast register P fi . 

C 2 bits which usually control address or operand preparation and may indicate 
whether the instruction is short or long. 

A long instruction consists of F, B, C in one control group, and a second control 
group, called N which is usually an address. 

Instructions destined for Delayed Ctantrol fall in k categories s 
Full-word Arithmetic (such as MFJf) 

Full-word Store (such as STRg normalize, round and store) 
Exponent Arithmetic and Shifts (such as ASBs add to exponent) 
<*iarter»vord Store (the orders SIAs store integer part as an address; 

and SEX* store exponent). 

Consider first the interpretation of B, C and possibly N for full-word arithmetic? 
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*• J -- ■"'> m'"--:j f'x'-.r flL, ■* '^tuine <«£. addi-ess (SC) of a core location conteiri.,- 
''■ ■■•: 'jj-'rnmlt 

":" C ■ . "-.r;ii (R^) <i#flnea the core location containing the operand, bn 
1 + ()0 is returned -o VL° 

■ -■ <-. U(S * iAiug iiisU-uctAOti wi/uh eoru addretse li r ^ft-, feu '.'19ii- 

T.i :J » 3 and B < 8 the operand is contained in fast register F^. 

If c - 5 end B « 8 the core address is N. 

i'v C «» 3 and B « 9 the integer N converted to floating point Is itself the 

operand, in this case the leftmost digit of M is cons ids -*-.:.- 
to have negative weight so - kOS6 < N < ii095» 

If C s 3 and B « 10 the fraction N converted to floating point is the opera?-*. 

ani -X < operand ^ 1 - 1/1*096. 

If C « 3, 11 < B < 14 Iftsasstgnedo At present has the effect that floating 

point zero is the operand, but these should not be use>i 
in programs because later additions to the computer mi&v 
require the use of these combinations . 

If C » 3> B » 15 floating point zero is the operand . 

In summary, the instruction is short unless C » 2, or C » 3 and B is 
one of 8, 9, or 10 ,* it refers to core memory lfC<JorC«5 arid B «* 8; it 
refers to fast memory if C *» 3 and B < 8/ and Advanced Coutroi constructs an 
operand from the N-eddress if C * 5 and B * 9 or 10 or supplies the (zero) operand. 
if C « 3, B » 15. If C » 1 counting is performed on the modifier register 
specified. Since there are 16 active modifier registers, and not 15, the case 
C 9 3, B * 8 is necessary to specify a fixed memory location. The computer may 
be expected to run somewhat faster if short orders are used Instead of long ones, 
and if registers in fast memory are used in prefer nee to locations in the core 
memory* 

far full-word store orders the core memory address or fast memory 
address specifies a destination rather than a source and the oases C « 3, B « 1, 
or B > 9 are illegal, (in the description of the fast memory it was stated that 
it was illegal to store into 71, so C « 3, B * 1 is illegal here. For C » 3# 
B u 9 an operand destination is meaningless. ) 
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w, r , , ^, r ,':: i farit:®- ^.jr the "core address* definea above Is not u * 
• ■-■:• ;.c /xr« 'v<3m^7 >iufc rotfcer 1« reduced to 8 bits and combined with Mis 
■--p -w-.t.-. Mor* exftcUy, a word consisting of ^ copies of the address is p: ••• 
,■ t in agister and Delayed Control combines arithmetically the right hfc-v 
:-! t xai f.-ite of tViis word with the exponent. Shift orders are also included 
ode class; however, only the rightmost 7 bits are used to define the nsOwr 
shifts * The cases * 3, B jfc 8 ere illegal for exponent arithmetic orders m-.:- 
tr.Xft orders. 

Foj the quarter-word store orders, the B digits define the modifier 
register destination. These orders cannot refer to core memory and C is irr«Ii • 
van*. The instruction 814 should have B » one of 0, k, 8, 12 because the iai&;- 
will appear in the first 15 bits of the OOT register. The instruction SIX shesuu ■ 
5mve B » one of 3, 7, 11, 15 because the exponent will appear in the last 13 biu 
of the 091 register. If otheA' B combinations occur they are not called illegal 
\y tfce computer and might Just be useful. For example, S3A, Ml would cause to-- 
13 bits immediately to the right of the radix point to be stored in modifier v- 

T he Floating Point Accumulato r 

There are a number of registers in the arithmetic unit whose action is- 
required in the execution of instructions, which need not be described in the 
order code because results do not end up there. For one order, SPM, we shall 
have to refer to some of these extra registers, but otherwise the description 
will center around the basic registers which hold the results of each Instruction. 

Accordingly, the accumulator consists of 3 registers A, Q. E„ A h*>J-v 
1*5 bits called a , ..., a^ in 2s complement notation, with value 

a m -a + \ 2* i\ ± , so -1 < a < 1-2 

Q holds kk bits with significance to the right of A. These bits are called 
0.-1' q^ q x , •-, l^g and have value 



S 2"^- q x , so0< *<!* 



.2 ** 
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S holds 8 bits called e„, eg, - . . , e with integer value 

e « -128 e„ + 2 2^. so -128 < e < 127. 
7 1/7 i *" " 

If a calculated e falls outside this range It Is held modulo 256. A, Q are 
connected together as an 89-bit shifting register .Aft -which holds the fractional 
part 

—22 
f * a + k~ qpf the accumulator. 

Note that this means that the digit q^ follows immediately after a^ and that 
Q has no sign digit. Shifts are base 4 only (2 binary places at a time), and 
the exponent e signifies a power of 4. The accumulator holds the number 
n - f -4*. 

A word W in memory (core or fast) consists of a 45-bit fraction x 
followed by a 7-bit exponent y at the right-hand end of the word. Its value is 
v - x«4 y , -6h < y < 65, and fields x, y are represented in <Za complement notation. 
Note that the range of exponents permitted in the accumulator is about twice that 
in memory, and the accumulator holds a double precision number. 

Zero and Overflow 

-64 
The representation in memory of a floating point zero is 0.4 , i.e., 

aero fractional part and the most negative exponent possible, and it is the only 
floating point number with this exponent. When -64 is detected as the exponent 
of an operand, some orders such as ADD (see later) are by-passed. In the 
accumulator, a zero indicator Z Is turned on whenever f » or when a calculated 
exponent is less than -128. The contents of the floating point accumulator is 
not otherwise altered (it is not cleared to a fixed value) so the numerical value 
of the accumulator contents depends on Z as well as the contents of A, Q, S. 
Whenever f is changed, Z is cleared. Store orders, logical shift orders, and 
orders which are by-passed do not clear Z. When the operand of certain arith- 
metic orders have exponent equal to -64, the arithmetic is not done and the order 
is by-passed. 

An overflow indicator OV is turned on whenever any result is too large 
to be correctly represented, and remains on until cleared by a special jump-on- 
overf low order ( JDC with B « 10 or U) . If Z is on, the setting of 07 is 
Inhibited except for the inverse divide order (VID) , in which case the memory 
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operand divided by the zero accumulator contents is judged to be an overflowed 
aumbero 

In floating point arithmetic, overflow of the fractional part is 
corrected "by a right shift of AQ (division by k) and the addition of 1 to the 
exponent. In logical shifts and double A (flBft) the lose of digits at the left 
end of A Is considered normal » therefore, for non-store orders, OV is set only 
if e exceeds 127 or if we are asked to divide by aero* 

For store orders one may he required to supply a particular representa- 
tion of the number, and in this case it turns out that either the fraction or the 
exponent way overflow the more restricted range of numbers permitted in the 
aiemory. In this case 07* is also set. 

Bote that Z gives a continuous indication of whether the accumulator 
now holds zero, whereas OV Is a cumulative Indicator telling whether any result 
has exceeded range since OV was last reset. 

The floating point store orders (including STFs store fixed point) 
conform to the convention on zero numbers in memory, in that if Z is on, or 
e < "6k, or the 45-bit fraction to be stored consists of all zeros, then the 
number O'k (absolute zero) is transferred to memory. 

The conditions Z on or y ■ -6k or x » affect the following orders; 

ADD/ SOB y «* "6k by-pass the order 

AID/SOB z on and y f "6k obey "clear add*/* clear subtract" 

SHY, Z on by-pass the order 

MPSf, Z off, y = -6k partial normalize (see later), then hy«paae 

the order 

Wf, x » set OV and by-pass the order 

MV, % on, and x f set remainder » and by-pass the order 

When OV has been set, the results in the accumulator are judged wrong; 
■ ,.i no attempt Ic made to maintain a consistent representation of wrong numbers. 
5 ':~j orders STL, STQ, SEX are logical in nature* (They allow the programmer to store 
« digits in the accumulator without having any floating point conventions impost 
..-.; him). If he later uses such a number as a floating point operand it assy law 
• -cnent -64 and non-zero fractional part. 
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38 omallsMd.oxi 

A v umber v*- 1 * is called, normalized if one of 



(a) 


Z on 




(b) 


P - o 




<c) 


»1 < p < « 


*r 



*<*) t -- p < x 

heads* Since p ^ » C©)* 1 ^" a small fraction p may be normalised by repeated 
left shifts provided one subtracts 1 from the exponent g. for every left shift 
squired. Note that the Z indicator can come on during normalization due to 
«gponent underflow. ISxcept for divide, the results of arithmetic operations ara 
left un-normalisseds however, the accumulator may be normalised at the start of 
saaltiplyj, divide, difference absolute value (BftV) and certain of the store orders 

Aaaition and Subtraction 

. v , a -88 

Tne sum x«lr and f «••'?■ Is obtained villi an error of it, R&st 2 ' sa 

i'3e fseaetional .pest as follows.. 

i?,} If ic- yj > i'.k, -;;he sues 1c taJse* to be the number with the larger exponent 
U) If je-jjj < V+, the fract^oiial part of the number with waller exponent ^ 
right-shifted je-y' "base i positions and its first 89 bita (including Big-. 
digit) ere c-.dcloi t,o tue other fraction. The error is « truncation erroi: 
to the right of the S9th bit, fhe larger exponent is assigned to the r(»i,;; , 

..42£? g Some cassa of floating point addition can tabs a large number of steps i>; 
lift computer, ana a correspondingly long tljne to execute the instruction Sasu ; - 
.:■&» these long add or subtract orders can be avoided ty careful prcgrasist ; ^ . 

■ : :*jative tiaes for addition o&n be estimated IVor tfcs number of smeps aa fci; ; o. 

obf§r Clear Add 6 swpe. ; 

about 1- je-yj steps 
about 5 + 2 je-yj gtspa 
abatjt -11 + je-yj st^ps 
bypass 5 siis-ps. 

,ions 5S true always jH**aas Case I, ami Z false btr.- y -•» ■<- always snese-su 



<se 2 


s-y 'S "^ 


s«s 2 


<,4k < 3»y < 0. 


i-C H 


1 < e-y < 22 


■>S^: ** 


23 < e-y < 1& 


■•■-"*' '■»£ ^. 


45 < e-y 



The accmulntor Is normalised, 1£ necessary, and its first *5 bits are 
rounded to form a fraction a r . The product xt^ is formed In AQ and the eum of 
the two exponents is placed In E. 

If q » normalisation Is not necessary (and is not done), since the 
product (a.x)^ y in oxaet. Likewise if q becomes aero after sens even number 
of base k shifts, multiplication begins at ttet point, Partial normalization may 
be described by these rules s 

1. If Z is tame or^-jO or a is normalised we are done. Otherwise go to 2, 

2. If one left shift (base k) of AQ irill normalise a, left shift one place 
and subtract 1 from the exponent* If this results in an exponent less 
than .128 set Z. 

3» Otherwise left shift 2 places and subtract 2 frcn the exponent. If this 
results in an exponent less than -128 set Z. Bow return to 1 above. 

She sane type of partial normalization is done at the be ginning of the WT 
instruction. 

The rules for ordinary normalization follovt 

1. If Z is true or a is normalised we are done. Otherwise go to 2. 

2. If one left shift (base k) of AQ will normalise a, left shift one place 
and subtract 1 frcn the exponent. If this results in an exponent less 
than -128 set Z. 

3» Otherwise left shift 2 places and subtract 2 frcn the exponent. If this 
results in an exponent less than -128 sat Z. Sow retain to 1. 



First, the accumulator is normal 1 zed. Then the mazber fro* memory is 
normalized. If the latter has a zero fractional part, 0? is set and the order is 
by-passed at this point. Then if Z is true or the difference of exponents (i.a., 
the exponent to be assigned to the quotient) is less than -128, the reminds* is 
cleared to floating point zero, Z is set and the order is by-passed. Otherwise 
the order is obeyed, and a quotient is formed which is either normalized or has 
fractional part - ^ and is correctly rounded to k/$ bits. Attar divide A holds 
the fractional part of the quotient, Q holds aero, and 1 holds the ex ponent . 
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If the Delayed Control order immediately following divide Is BM 
(store reminder), the remainder from division which was held In other register, 
to the arithmetic unit called R, B8 Is transferred to 11000x7. The minder 
ofceys the floating point sero convention for number, to be atored. 

Note that divide can produce exponent overflow 

We miffct call an fcfcropex dlviaijgn one In which the normalized divisor 
hae a fractional part smaller in magnitude than the fractional part of the 
original dividend (before normalisation). In this case 47 bits would be required 
to express the fractional part of the remainder. The first k$ of these are 
retained, and the two others agree with the 89th and 89th bits of the dividend. 

Bound-Off 

The first J16 hits of the fractional part of the normalised Infinite 
quotient are rounded to Itf bits by adding a 1 to the **lt position, letting 
carries propagate, and then truncating the result after k$ bits. If the resulting 
fraction is +1 it in replaced by + £ , and 1 la added to the calculated exponent . 
If this addition of 1 causes the exponent to become equal to +128, then 07 Is set. 

For orders other than divide, a different procedure is used to obtain 
the rounded value of f, namely a, as follows! 

a r -« if q<| 

aj.-a + 2-^a^ If q.i • 
a^, - a + 2 mkk if 4 > I . 

*r^i C «S e ; P ? n ^ to the rule in decimal arithmetic that to 
round off a 5 choose the nearest even digit, for examd* 
(•325) rounded - .32 whereas (.335) rounded *%!?*** 

Values +1, . x , of a r can occur even if f has been ttmlised. In multiply, 
inverse divide,*** difference absolute value, these values of a are used in the 
arithmetic unit without additional normaliatlon, since it ha. I somewhat wider 
range of numbers it may compute with during the execution of an instruction, in 
the case of store orders, the accumulator is not changed after round-off, but the 
rounded result may be renormalised on the way to the 10 register. 
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Qlpgrect Overflow and Detect Zero 

As has 'been described already, during the execution of an instruction, 
the exponent Is xaonitored, end Z or OY is set if the exponent of the accumalator 
falls outside of the range »128 < e < 127. At the end of each instruction which 
affects the contents of the accumulator, the operation "correct overflow and 
detect zero" or (k) for short is performed, whose rules follow: 

(1) If a » q. « set Z. If Z is Set disregard (2) and (?) 

(2) If -1 : a or a > 1 right shift AQ by 1 place and add 1 to the exponent. 

(3) If (2) results in exponent overflow set OV. 

ffe noTr define zero to he a non-negative number even though the sign 
digit of tiie accumulator may he 1 when Z is set. She normal sign test of the 
eccupwlator will he "Jump if e ■ or if Z is true" and its inverse is 
"Jump if neither is true." 

Orders will he listed as mnemonic, followed by the sexadecimal. + octal 
code, followed ty name end description. 

<*& (8*) Clear Add. Beplace A, Q, S hy x, o, y. 2 la cleared hut would 
he set hy (k) if x « 0. 

CSB (80) Clear Subtrac t. Beplace A, Q, I hy -x, 0, y. Z is cleared hut 
vould be set by ® if x * 0. If x - -1 then© replaces f , y by | , 
y + X This could not cause OV to he set since y + 1 < 6e>. 

GAS (83) Clear Add gfrlce . Replace A, Q, S by 2x, 0, y. Z is cleared. 
If *| >xor >: > | then (|) replaces f , y by £ f , y + 1. If x * 0, 
Z is set, and Q£) cannot set OV. 

CSS (&) C lear Subtract Twice. Beplace A, Q, B by «2x, 0, y. 

Z is cleared. If - | > x or x > | then ® replaces f , y by J f , y + 1. 
If x * 0, Z is set and (?) cannot set OV. 

AMD (85) frlgltwise Logical Multiply ,. Clear Z. Beplace the digits of A 
with digits consisting of the product a^-x, for each 1. Do not change 
lore, (k) may set Z if a » g. - at the end of this instruction. 
OV cannot be set nor can corrective right shifts be done by (?) . 
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: t m ',■■*; ) m jgLtrtgg k^caxg , Clear Z. Replace the digits of A ytv- 

di'd^s eomtsistina ci i*e wherever a and x. are not simultaneously 
sswn*., Do not ebanee q op e. (2) may set Z if a • q » Q at t>\ 
srsfi oi' chis instruction « OV cannot he set nor can corrective rif ■?■" 
sh f ts be done by (?) - 

SOT (64) Clear Md Digitwise Complement . Clear Z and Q* Replace e. 
fey dig? te 1-x In every digital position. Replace 8 by y. (£) vi 
set 2 if x is composed entirely of l*s, 0¥ cannot hg set nor can, 
corrective right shifts he done hy (k) • 

ABA ( £ 7) Single Binary Logical Left Shift of A . This is not an aritUwt- 
order unless the result is in range. Replace a by 2a mod 2» Do nA 
change Q or B. An operand is required for thie instruction but it 
is not used, eo C ■ 5, B ■ 15 Is recommended because it is then a 
short instruction •which does not hold up Advanced Control. Z is 
cleared and vould be set by @ if q » and a was or -1. This 
order can change the sign of the accumulator 

AHD, LOR, and DBA em logical and since they reset Z vithout replacin 
the entire contents of the accumulator should not be used in floating point 
arithmetic . 

Mm (92) Form the sum of x • k y + f • k* as described 

©a page 1$ . Apart from the cases 2 true or y « -64, before (I) 
the accumulator will contain the double precision sum with exponent 
equal to the larger of the exponents of the two operands. (2) may 
set Z or may rigfrt shift one place, adding i to the exponent. This 
cannot cause W to be set, since the resulting exponent vill not 
exceed +127. Bote that no automatic normalisation is done during 
addition, so it can serve as both floating point addition and fixed 
point addition. The decision on 'whether to normalise is made at the 
time of a store order, and depends on the type of atore order given. 

SUB (90) Form (-x) • 4 y + f . 4 e in a manner precisely analogous to A0D 
just above. 
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Hn (+°) Maltlyay . Partially aornalise f • k 9 and call the moult 

f • ^ e . Eton, If either Z is true opy» -6fc, set Z and bypass the 
cedar. Otherwise replace f by x • f in Aft and e by a + y in X. If 
e ♦ y < -12G aat Z, and if a + y > 128 set 0*. Than obey (§) which 
will aat Z if x was aero and will right Shift Aft one place and add 
1 to tba exponent if and only if f « -1 and x ■ -1. In this ease 
® would sat 09 only if a + y » 127 before ® . 

DJV (+l) Divide . normalise f • fc f and call result f • k e . NorMaUaa 
x • & and call result x • •*• If x » 0, set Otf and bypass the 
order o If x f and Z is true set remainder equal to aero and 
bypass the order. Tom («j) rounded or (£=) rounded in A, set Q m 
and set B*»e-yore-y + l respectively. Tba remainder will 
have an exponent approximately 22 leee than e unless it Is precisely 
aero. 09 or Z may be set ife-yore-y-lgo outside the range 
-126 to +127. ® will have effect only if a- +1. In this case 
the fractional part of the quotient is right shifted one place end 
1 Is added to the exponent. If exponent overflow results, 07 is set. 

HOT (42) Segative Divide . Identical to TXN except that the divisor 
is (-x) • *7i 

VH> (+3) Inverse Divide , fbe accumulator is normalised and round** and a and x 

r 
are interchanged and ft la cleared! e and y are also interchanged. 

If Z Is true OV is set and the order bypassed at this point. Other- 
wise x • k* is noraallsed. If then x » 0, Z is set at this point 
and the order is bypassed. Otherwise division proceed© from this 
point, fosalng( &•) . k y ~* or (fjA • h*"** 1 in a manner analogous 

to that described under EC? above. 

KBQ ( al ) J£2& & ■ 2 *• cleared and the digits q q^ ... ^an set 
equal to the non-sign digits of x namely x,Xg ... ay,. (K) night 
set Z if a » and the non-sign digits of x were all seros, but (j£) 
could have no other effect, fhis is a logical order and should not 
be used in floating point pro grams . 
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MV W Difference Absolute Valua . The accumulator is partially 

normalised and a r • 4 e is formed. It Is noted whether or not Z is 
true at this tins. Than Z is cleared and -|x - 4 y | is placed in 
the accumulator as if by a CAD or CSB order. If now Z was true 
enter ® with action like that in CAD or CSB. Otherwise enter 
ADD or SOB to form |a r • k*\ - fae • **|. Action from this point on 
is identical to the ADD or SUB order. 

** '"•"k) Mormalise Round and Store . If Z is on, store O.V*** in 10 
and, subsequently in the memory location specified. Otherwise 
normalise. If Z i« now true, store 0.4" 6 *. from this point on 
the accumulator is not changed, but the number stored may be 
changed. Form a p . This may still be normalised or it may take on 
the undesired values +1, - J . la the latter two cases change this 
to ♦ ^ , -l and respectively add 1 to the exponent or subtract 1 
from the exponent. If now the exponent Is < -6* store floating 
point sero. If the exponent is > *6* set OV. If floating point 
sero is not stored, store the number obtained by the above operations. 
Since only a 7-blt exponent is stored, if OV is set the exponent is 
stored modulo 328. (g) will have no effect. 

XCH (+5) She new value of the memory register is the same as If SIR 
vers executed. She new value of the accumulator is the seme as If 
CAD vera executed. Mote that f or C * 3 the ease B ■ 1 Is illegal 
for this order. 

SIS (+7) The accumulator is normalised and .a p is transferred to A and 
Q is cleared. Then STR ia executed and It works OK even if -a « +1. 
following STR, in this case (g would right-shift and add 1 to'e. 

f "°Lk~° re m<3d * blnt Houpdfld - A ***** point number is either 



O.fc 



or has exponent sero. If Z is not on, f . * e is converted 



to fixed point by shifting right or left and counting up or down 
respectively on e until e becomes sero. BT overflow la the fractional 
part occurs, OV is set and the process continues. After the shift 
the accumulator is unchanged, e^, ia formed. If It Is equal to +1, 
OV Is set. If Z is true or a - 0, 0.*" 6 * is stored. Otherwise 

4 ft " 



a • V 
r 



is Stored with the exception that +1 Is stored as -1. The 
net result that numbers are stored modulo 2 except for sero la fixed 
point representation. ® can set Z if the result Is a - q - 0. 
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fiRTO (~k) Store Abnormalized but Rounded . Identical to SIR except that 
there is no preliminary normalization. The use of this order at key 
places in a program may considerably reduce the number of shifts 
prior to store orders and prior to succeeding add or subtract orders. 

SUM (a3) Store Remainder . If this order follows a MV, KDV or VXD order 

with no intervening Delayed Control orders,, the remainder (unaormalised, 
unrounded, but correctly represented even if zero) is stored from 
the R, ES registers. Since R, E3 are used by most instructions, 
the use of this order following a non-divide order might be useful 
for engineering routines, but a catalogue of results expected would 
be voluminous. 3RM sets overflow if the remainder has an exponent 
> 6k 9 which can happen even when the quotient is in range. (K) has 
no effect. 

SIC (+6*) Store CI jar . Ube accumulator is not cleared. fne first part 

rTT * »hk 

of this instruction coincides with SIR, Suppose a f » a + 2 * 

where € - or 1. Then f • k* - (a ♦ h" 22 *) • ** « la^ ♦ ^(q-*)] *k* 

* a • k 9 ♦ (q-e^*" 28 . Bow SIR stores a number numerically equal 
r 

to a • h « STC after doing this, transfers q-€ to A, clears Q to 
r 

sero and subtracts 22 from e so the accumulator holda the r e mai n d e r 
from the store operation, (k) may set E if q-« «0orlfe-22< -128. 
This order allows a double precision representation In memory In 
which the most significant half is correctly rounded, and, if 8W 
f ollcvs STC, the least significant half has an exponent nearly always 
22 less then the stoat significant half. The exceptions to this rule 
are when the most significant half rounds to *1 or— ^ , or when the 
least significant half is judged zero. 

ASC (96) Add and Store Clear . Identical In effect to ABO followed by 
STC. Note that C«3andB»ll* Illegal. 

3SC (9*0 Subtract and Store Clear . Identical In effect to SUB followed 
by STC. Rote that C » 3 and B « 1 is illegal. 

SXf (-1) Store Integer Part as a floating Point lumber . If Z Is not true, 
the accumulator is shifted (see STF) until Its exponent becomes 
equal to +22. This means that the radix point lies Mt bits to 'the 
right of a Q , that Is, it lies between A and Q. If, during this 
process, overflow of the fractional part occurs, OV is set. Then If 
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a =* or Z ia true, 0A" 6k is sent to memory. Otherwise a . k* 2 
which is tte integer part of the number, modulo 2* 5 , is sent to 
memory. Then ® is obeyed, and it might set Z. note that if -i^ 5 
is tb^ correct answer, the accumulator will have -2 k5 ? OV will have 
teen sot, and (|) will not do a corrective right shift. 

STL <-5) ^rttjcgical. a • k 9 is transferred to memory, regardless of 
Z„ OV is not set, a is not changed^ and c is stored modulo 128. 

This 1.3 not a floating point order, 

OTQ (- fi ) Storey q . k e is transferred to memory, regardless of 2„ 
OV ; .3 not set P a, q ere not changed, and - is stored modulo 128. 
Thij 1.3 not a floating point order, 

SUQ (-a) Store Rounded with Exponent B<pn . This order has no operand, 

but an operand is implied in Pi. normally, the previous order would 
have been "l*ad Bl M (LOT) to be described later, but this is not 
necessary, Whatever number is in Fl at the time SEQ is obeyed 
furnishes a 7-blt exponent, and it is required to shift the accumulator 
in a manner exactly analogous to STF until its exponent becomes equal 
to this amtbar and then round-off and store with qualifications 
identical to STF 

For the n6xt group of orders, Mveaced Control places the same address into 
all four quarters of Fl. This address is interpreted modulo 256 for the first 
four and modulo 128 for AH3, LRS, and is called y* and y respectively. 

cm (97) asHJSdJSESaSSSi. n«* y* in E. ® has no effect . 

CSS (95) Qgar^Subt yact Exponent . Place -y* in E. If y* - -128 set OV. 

•'PK 193) ^Itoj&sonent. Place e ♦ y* in E. Set 0? or Z if the ranga 
128 < exponent < m ia exceeded, but do not set OV if Z is true. 
^1) Subtract, from Exponent. Place e - y* in B, Set OV or Z if 
the :.aufe- -128 < exponent < 127 is exceeded, but do not set OV if Z 
is trucj. 

(&?} Laical .Right Shifty if y is positive, transit the di K - 
of th-* A register right 2y biU without sign digit duplication 
throw away those that pass the right fcand end of the A tugiar^i . 
y is amative, translate the digits of the A register left taw-. 
away those that pass th • left end of the register, Ho tun *.* 0% 
(K) could set Z. This is a logical order which vouin uot K> rtfll ,r.-. 
floating point programs . Notsg gg fclta are y base * shifts 
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LR3 (a5) Long I ^gleal Right Shift . The double length equivalent of ARS 
above., f rhis is also a base k shift,, 

Of the Delayed Control orders, there remain only two store orders 
which produce 13-bit results to be transferred to modifier registers in the 
fast memory. 

SEX (-7) Store Exponent . A vord whose first 39 digits agree with the first 

39 digits of a and whose last 13 digits agree with thi 8-bit exponent 
e extended 5 digits left by duplication of the sign digit, is placed 
In WQ £ then the 5 word of 10 aligned with KL is copied into ML* Df 
the modifier register specified is WL% Iff, Mil or 111$, the last 
f t I.e., the exponent „ Is stored in It. This is a logical order 
and Z is disregarded. 

SIA (-3) Store Int ege r -Addres s. The accumulator is shifted until its exponent 
is equal to +6 in a manner similar to SIF • If th base k exponent 
is +6 the radix point lies between the 13th and lUth digits of the 
A register. OV or Z may be set during the shift but If Z was true 
beforafcand, no shift is made. How if a * or Z is true, O.k 
is placed in FO. Otherwise a • k* is placed in 10. If the modifier 
register specified is one of M.0, M*, MP or H32 the first quarter 
word, i.e., the integer part of the accumulator, modulo 2^ is copied 
into the M_. Otherwise a different quarter word is copied (see SB*.). 



*• Orders Which Dp Not Involve Floating Point 

■Che orders described in the last section are obeyed first by Advanced 
Control, which obtains any needed operand and places It in II, then by Delayed 
Control which performs any necessary floating point arithmetic, and then, In the 
case of store orders, by Advanced Control again. SIA and SB were a special types 
always short, B represents the modifier, and C is Irrelevant. Otherwise address 
construction was fairly uniforms if C < 3 or C » 3, B » 8 an address is constructed 
and depending on the order type this either defines a core memory location, or the 
address is quadruplicated and used. Let us refer to this process as normal 
address construction . For floating point orders additional options were provided j 
c ■ 3 and B <8 means fast register F B with the proviso that Pi Isn't a destination, 
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C m 2, B » 1 5.5 illegal for certain orders. Likewise floating point operands 
vere generated for the cases C - 3, B > 9» These additional options do not 
apply to the next class of orders; Advanced Control and Interplay orders vith 
normal address construction. If C • 3 and B / 8 these orders are illegal. 

PXD (23) Prepare Input Device. After the address is constructed it is 

sent to Interplay and is interpreted as a 5-bit field at the left-hand 
end signifying the channel number and an 8-bit field specifying details 
of a block transfer Into the core memory. At the time of this writing, 
channel has been assigned to the drum and the 8-bit field represents 
the drum block. No other assignments have been made yet. 

POD (62) Prepare Output Device . Similar to HD above except that a transfer 
from the core memory is Intended. 

IBT (22) Initiate Block Transfer. The address constructed specifies the 

core address at which the transfer will start. Depending on the device 
in question, the transfer will cease when a stop character is reached 
or when the core address reaches an address 1 less than the next multiple 
of 256 , whichever happens sooner. In the case of the drum, and probably 
all devices vhich operate on a fixed 256-word block, only the first 
5 bits of this address matter— the others are replaced by zeros so a 
clzum transfer always begins at a core address vhich is a multiple of 
256 and ends at the address 1 less than the next multiple of 256. 

FID, POD, IBS are the only orders obeyed by Interplay. 

BBP (^3) Busy Block fllpflop . The first fire bits of the address 

constructed define a block in core memory whose Indicator is to be set 
to the "busy" state. 

?2P (k&) Free Block Fllpflop . The first five bits of the address constructed 
define a block in core memory whose Indicator is to be set to the "free" 

state. 

Notes For the euianer of 1962 the 5 orders FID, SOD, IBT, BBF, end FBF cannot be 
obeyed since Interplay and the Block Checker have not been built yet. A console 
switch can be set so either these orders are always legal, or they are legal only 
in the interrupt mode. 
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LXS (6°) losa PJ Register. Hour copies of the constructed address are 

placed la 71. Shis order usually precedes SBQ. 

JW < 5 ^ JUwg to Lef t-fend Control group . A "Jump" Instruction is a 
control transfer or branch operation. JLH hes the effect that the 
next order obeyed begins at the first control group of the core word 
defined by the address. This is an unconditional jump which Sacks 
generality and is mainly useful in returning from a subroutine. 

Aasr C 23 -) Add to Hext Address. Certain orders, of which this is the first 
example, influence the address construction of order following. The 
address formed by this instruction is added to the address of the next 
instruction. ATM may be repeated. Example. Suppose one wished to copy 
into the accumulator the number from the memory location defined by the 
sum of modifiers M2, M5, M7. The program la 

AW 2,0 
AW $,0 

CAD 7,0 or 3 short orders. 
The first instruction adds (M2) to the second. The second would 
normally add G«5) to the Jrd, but since It has (M2) added to its address 
it therefore adds (M2) + <K5) to the 3rd instruction. The 3rd Instruction 
would normally have core address Qt7) but this is increased by 0C2) + 05) 
making a total of (M2) + &I5) + 0t7) as required. 

886 ( kl ) Subtract fr om Next Address . The address formed is subtracted 

from the address of the next Instruction. 

0BB l 6 *) logical OR w ith B Digits of the Next Instruction . The rtghtaoet 

k bits of the address constructed are combined with the k B-bits of the 
instruction following— the next instruction will hare seres only in 
those bit positions of the B field where both bits are aero. This Is a 
useful instruction for breaking up words into quarter-words but Is not 
very useful for combining quarter words into word*. 

This completes the list of instructions for which noxmel address 
construction applies. The next group of instructions are always short. 
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**" ° 2) ** d ^ 9clal ^Ister to. Next Address . This is a short Untrue 

Sroviaion Is made in the computer for up to 64, IJ-bit registers ml 



SSR 



CJP 
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special registers, for the summer of 1962 on3y one is available, ...,. 

it represents the next paper tape character, that la, 6 zeros foiled 
by a 7-bit character. Bbr this instruction the B and C fields ax* 
combined into one field (numerically ft + C) which specifies a apenie 
register numbered to 63. Temporarily any B, C combination calls tor 
paper tape, but later on only the 0,0 combination will specify' paper 
tape. ASM 0,0 causes a character to be read from paper tape and added 
to the address of the next instruction. 

(72) ^^ ct 8P«Q^1 Roister t rm Next Address . This is a short 
instruction. Similar to A3N except that subtraction rather than addition 
is done. 

(75) &?*» ** Special Better. This is a short instruction, and its 
address is zero unless SSR was preceded by an »add to next" type order. 
The B,C fields speeiiy vhich special register tbo address is to be 
stored in. If an instruction such as ATS had preceded this instruction, 
then, in general, something other than zero vould be stored in the 
special register. Initially SSR refers to the paper tape punch regard- 
less of the values of B,C but later on only 0,0 vill refer to the punch. 
Digits punched are the rightmost 7 bits of the address . 

(57) gg»* SB* Optional Imp to gLxgt, This is a 3 hort instruction, 
One is added to the contents of modifier Mg and the result is returned 
to Mg. If the result is non-zero, Jump to the instruction at P6 
position 0, (C - 0,1,2, or 3), otherwise obey the nexc instruction in 
sequence. The purpose of this Instruction is to be able to obey simple 
loops of instructions inside F8 and P9 if the loop condition la just 
a count. In these cases the instruction words are read from memory 
just once and are helu in TQ and 5? for repeated execution. J© contains 
the contents of an even-numbered core memory location, and W9 holds the 
contents of the next higher numbered location, vhich is odd. Note that 
thia implies that the normal method of counting is to place the negative 
of the count in a modifier register and count up to zero. Star a long 
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program consisting of long and short instructions intermixed, the 
prograiaaer would refer to Instructions symbolically and would not, In 
general, know What word and position any Instruction occupied. One 
of the operations which the assembly routine oust he able to do is to 
insert a jtanp to the left-hand control group of the next even address 
so these short loops nay be correctly positioned. During the period 
when there is only one core memory GJP will have the effect of condi- 
tionally jumping to F9, position C which means Jump to position C of 
the word containing the present instruction. 

CIS (55) Coun t and Conditional Jump to Second. This Is a short Instruction, 
whose action is similar to GJF above except the destination is F9 
position C. During the period when there Is only one core memory the 
action of CJS is identical to the action of COT. 

WE (63) Black Switch Conditional Stop. This is a short Instruction. A 

console switch, colored black has 2 stable positions— the center position 
and the down position. The up position is spring loaded* la the down 
position H2ZT orders are ignored. In the center position an BM order 
causes the computer to stop prior to executing the next Instruction 
following the HMJ Instruction. If the black switch is raised to the up 
position and then released, this Hlff is by-passed and the computer will 
stop on the next HLT instruction. The B and C digits have no effect. 

The next group of instructions are always long, and H, the second 
control group, specifies the address. 

COT (77) Cou nt and Jump if the Result is Unequal to Zero. Long. Add 1 to 
(Hg) and return the result to modifier ML. If it is non-zero joqp to 
word N, position C, otherwise obey the next instruction in sequence. 

CJZ (37) Count and Jump if the Besult is Zero. Long. AM 1 to Ql) *nd 

return the result to modifier ML. If It Is aero, Jump to word N, position 
C, otherwise obey the next instruction in sequence. This in a vary 
rarely used instruction— CJTJ would be much more common in programs. 



JIM (Tk) Jump If Positive Modifier . Long. If the leftmost of the 13 hits 
of (Mg) Is a 0, Jump to N, position C, otherwise obey the next instruc- 
tion in sequence, Ve nay regard the Integer held In M» as either lying 
in the range -1|096 < (ML) < kOtfi if the leftmost digit is regarded as 
having negative weight, or lying in the range to 8191 for core 
addresses, or -8191 to for orders like CJF, GJS, CJQ, CJZ. 

JfiM (34) Jump If Negative Modifier . Long. If the leftmost of the 13 hits 
of (KL) is a 1, Jump to word N, position C. Otherwise obey the next 
instruction in sequence* 

JSM (35) Jump if Zero Modifie r. Long. If all 13 bits of (ML) are zeros, 
Jump to word N, position C. Otherwise obey the next instruction In 
sequence. 

JIM (75) Jtarp if Modifier is Unequal to Zero . Long. If the 13 bits of 
(Kg) are not identically zero, Jump to word If, position C. Otherwise 
obey the next Instruction in sequence* 

J8B (76) Jump to Subroutine . Long. Let H be the location of the N address 
of this JSB instruction. Place H + 1 into ML and Jump to word N, 
position C. Conventionally B » 15 and the subroutine returns control 
to the left-band control group of the word following the JSB instruction. 
Thus entry to a subroutine at location I would be accomplished by 
JSB, 15, 0, I and return from subroutine would be accomplished by 
JLH, 15, 0. 

JDC (56) Jup q > on One of a Diversity of Conditio n s . Long. She B field 

specifies one of 16 possible conditions to be tested. If the condition 
is true, the next instruction is obeyed from word N. position C. 
Otherwise obey the next instruction in sequence. The conditions are 

B * Unconditional. This also causes the computer to leave the 
Interrupt mode If it happens to be In it. 

B » 1 Don't jump. A long null order. 

B * 2 Accumulator positive or zero (Z on or a > 0) 

B « 3 Accumulator negative 

B m k Accumulator unequal to aero (Z not on) 
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B ■ 5 Accumulator zero 

B m 6 Accumulator positive and not tero 

B m 7 Accusulator sero or negative 

B ■ 8 OV on 

B m 9 OV not on 

B ■ 10 OV on, then clear 07 In any case 

B - 11 OV not on, than clear OV In acy case 

B ■ 12 Oreen evlteh center (another console 6*ritch) 

B m 13 Oreen airltch down (Ita normal position) 

B - Ik Digit a^ . (Useful mainly In logical opexatlons) 

B - 15 Digit a Q - 1 (useful mainly in logical operations) 

Note that If B / 0, 1, 12, or 13 this Jump is conditional on the 

arithmetic result after Delayed Control has finished any instruction 

In progress and quite possibly another instruction prepared hy Advanced 

Control. Such JDC orders can greatly slow down the machine, and one of 

the objectives of good programming is to reduce the number of these, at 

least in critical parts of a program, 

to) *«& Modifier from Cor* Meaorg. Long. The quarter word aligned 
with Mg In word B In memory Is copied into Kg. if b « 0, k, 8 or 12 
this would he the first quarter word, if B - 1, 5, 8, or 13 this would 
he the second quarter word, etc. 

(SO Store Sfcgrtor Ward frcn gast Memory to Core Mamogy ^ Long. Into 
core word H, position C, copy that quarter word of P- which lines up 
with it. Note particularly that B is the name of a fust register, and 
not of a modifier. IfB-lo*B>8the instruction is illegal. 

5Sse remaining Instructions are long or short depending on whether 
C « 2, 3, or 1,0. If we name the C hits C^ Cg, then these instructions are long 
if and only If (^ « 1. n* address Is if the instruction is short, and H if the 
instruction is long. 

(70) Load last Rector. Long if C^ « 1. Copy the word from core 
location given hy the address into * B . IfB»0orlorB£8the 
instruction is illegal. C g has no effect and should he conventionally 



LDM 



LKR 



aero 
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SFR (50) Store 3ast Register . Long if (^ - 1. Cow the word from F- 
Into core location given by the address. If B - 1 or B > 8 the 
instruction is ille gal . Cg has no effect and should be conventionally 



zero. 



Modifier Arithmetic 



The revaluing 12 instructions cause the contents of the modifier 
register Mg to be combined arithmetically with the address. If C- - the 
instruction is short and the address is 0. If <L » 1 the instruction is long 
and the address is H. If C £ « 0, the result of this arithmetic is returned to 
the register Mg. If C g » 1, the result is not returned to IL, but is added to 
the address of the instruction following. The description of these instructions 
will assume that C g « for simplicity in explanation. 

<*U (27) Clear Add Modifier. Long if Cj, - 1. The address is copied into K_. 

CGM (25) Clear Subtract Modifier . Long if C, - 1. The negative of the 
address is formed and copied into ML. 

ABt (67) Add to Modifier. Long if C^ • 1. The address is added to (Mj 
and the result is returned to ML. 

(65) Subtract from Modifier . Long if C- « 1. The address is 
subtracted from (Mg) and the result is returned to ML. 



(2k) C lear iterate Modifier . Long if C x - 1. The digitwise complement 
of the address is fomed, and is copied into M_. The digitwise rraiplemsnt 
of a binary ruariber is the number consisting of seros when the original 
number had ones, and vice versa. In this case, numerically, the 
digitvioe complement is 8191-address. 

(26) Circular Blifet Shift Modifier. Long if C ± - 1. The k rightmost 
bits of the address define a number of shifts p where < p < 15. The 
modifier contents (Mg) is rotated right circularly p places sad then 
returned to Mg. Note that a shift of 15 places brings us back to where 
we started from so p » 13 has the seme effect as p - 

p » 14 has the same effect as p - 1 
p - 15 has the same effect as p - S. 



ASM (Vf) i 3D with Modifier . Long if C^ ■ 1. The 13 bits of the address 
a..«e AHDed vith the corresponding bits of (Mg) and the result is 
returned to ML. A bit position of the result has a 1 if and only if 
both operands had ones in that digital position. 

GR|f (k6) OR vith Modifier . Long if C 1 - 1. The 15 bits of the address 
are Cited vith the corresponding bits of (Mg) and the result is 
returned to Mg» A bit position of the result has a 1 if and only if 
at least one of the operands had a 1 in that digital position. 

ECM (66) Exclusive OR vith Modifier * Long if G 1 - 1. The exclusive OR 
(or addition without carries) of the 13 address bits and the 13 (Mg) 
bits is formed and returned to ML. The result has ones in those bit 
positions in which the two operands differed. 

BQK (6k) Equivalence with Modifier . Long if (^ » 1. The equivalence 

function of the address and (Mg) is formed in every digital position, 
and the result is returned to Mg. The result has ones in those bit 
positions in which the two operands agreed. &ff*k^ ,- ^ & 

HAM V'o) Hec ate then MP vith Modifier . Long if C^ » 1. The digitwise 

ccrj^letent of the address is formed, and AHDed digit by digit with (Mg) . 
The result ic returned to M_. The result has ones only in those bit 
posit-!. one where the address had zeros and the modifier had ones. 

BOM P&) jtoflRte , then OB with Modifier. Long if C 1 • 1. The digitwise 
cceaplcroant of the address is formed and GRed digit by digit with (Mg) . 
The result is returned to Mg. The result has ones in those bit 
positions where the address had aeros or the modifier had ones, or both. 
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AHPEHDK 



TABLE I Address Construction 



Boraal t LDQ, CAD, CSBj> CAT; CST, SOT, AND, LOR, ISA, AID, SUB, MPJf, DIV, HDV, 

vn>, my 

Soraal, C'3, B - 1 or B ^ 9 Illegal : SIR, STU, STH, 8TC, SfF, 8IF P SBQ, 

STL, STQ* 3RM 
ASC, S3C, XCH 

BqnHal, C « 3 f B / 8 Illegal* CAB, CSB, ABB, SBE, ASS, LBS, LIS, FID, fCO, 
adgSSg used a s operand: ***> "*» "•• JLS, ATS, SW, ORB 

Short B means M L: 3XA, SEX, CJF, CJS 

Short, to 4 C la ggag of pedal register I ASS, S8S, 8SR 

Long* C represents l/k W (accept for LEW ? OJU, CJZ, JIN, JRN, JZM, JtSf, JSB, 

LEN, 30# JSC 

C. » 1 Means Lo ng;, C U Irrelevant ; LfR, SIR 

C, - 1 Means L ong, CU ; 1 Means add to next : CAM, CSM, ASM, 3BM, GSM, CRN, 
~ X ~~ ASM, ORM, BOM, SAM, BOM, BQM 

Short, B and C don't mean anything * BLr 
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or 

or 



TABES 2 Additional Information on Instructions 

LDQ, CAD, CSB, CAT, CST, SOT, ASD, LOR, DBA Clear Z first 

ADD, SUB, MPTj, ASC, SSC Special cases if Z is true 

if y « -&t 

DXV, BDV, VB> Special cases if Z is true 

if x ■ 

8TR, STU, STN, STC, SEP, SIP, SEQ, SIA Special case if Z is true (0 - V**) 

STL, STQ # SSC, SBM, AR3, LRS, LIS Disregard Z 

CAB, CSB, ABE, SBS Z or OV aay be set. If Z Is true 

OV is not set 

XGB Special ease if Z is true (0 • V**). 

Then dear Z 

FID, BOD, IBT, BBF, FBP Don't work now. Console switch 

aakee then legal or Illegal as a 
group unless ve are In the 
Interrupt awde 
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TABLE 3> ORCER CODE INDEX 



Order i 


Codes 
92 


Pa$e No. 


ADD 


13,l4,l£ 


ADE 


93 


30,22 


A^f 


6? 


jKL 


AND 


65 


I£j19 


ASM 


1*7 


j>2 


ARS 


a? 


§2 


ASC 


96 


22 


ASK 


52 


21 


AUK 


21 


26,27 


BBF 


1*3 


52 


CAD 


C2 


7,l4,lC 


CAS 


97 


22 


CM 


?7 


7>2i 


CAD 


O 


1C 


CJF 


57 


£7?2,29 


CJS 


55 


u.2o,29 


CJU 


77 


21,29 


GJZ 


37 


1£*29 


cm 


24 


2i 


CRM 


26 


2i 


CSB 


80 


lkj£ 


CSB 


95 


£5 


CSM 


25 


Q 


COT 


Gl 


zB 


mv 


a2 


15,36,21 


DBA 


87 


i4,3£ 


DIV 


+1 


14,20,22 


BDM 


66 


^2 


BQM 


64 


22 


FBF 


42 


25 


HUP 


65 


H 


IB? 


22 


25 


JDC 


56 


9,10,13,2£ 


JX-H 


3 K 


26,29 


JHM 


34 


2Q 


JPM 


74 




J8B 


76 


2£ 


.IXIM 


75 


22 


sm 


35 


29 



Order 1 


2 odes 


LDM 


71 


uxi 


al 


tro 


70 


LIH 


60 


M3R 


16 


IBS 


ap 


MP5T 


+0 


HAM 


1*5 


HDV 


42 


mom 


44 


HOT 


84 


ORB 


61 


OHM 


46 


P3D 


23 


POD 


62 


SBB 


91 


SBM 


65 


SEQ 


-2 


SEX 


-7 


SFN 


M 


SPR 


30 




-3 


SIP 


-1 


SQW 


31 


SRM 


a3 


SSC 


9* 


SSN 


72 


SSI? 


73 


STC 


+6 


STF 


-0 


sn 


-5 


STK 


+7 


STQ 


-6 


STB 


44 


STU 


-4 


SUB 


90 


VID 


+3 


XCH 


+5 



Page Hos. 
20 



J2 

23,24 

7,10,14,20 

22 
20,22 

3| 



26 

£ 

22 
22 
22 

22 

10,12,14,24 

26 

10,02,24 

22 "**~ 

2° 
22 

22 
21 
21 
22 

^21 
14,23. 
21 

lT,22 

7,10,21 

22 

13,20,22 
21 



igOTEs The p&oe maober where the order is defined In the test Is underlined, 
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TABLE k 



Order Code Listed numerically 



Second 
Octal 

Sexadecimal. 
Digit * 



•2 




at» 


IBT 


FID 


CWM 


C3M 


CRN 


CAM 


3 


3FR 


sm 


ASH 




JIM 


J2M 




CJZ 


k 




SFN 


FBF 


Bar 


BOM 


HAN 


ORM 


ASM 


5 










JLH 


CJS 


JDC 


CJf 


6 


LIN 


ORB 


POD 


HLT 


B&I 


SB! 


BOM 


ADM 


7 


LFR 


LDM 


SSH 


SSR 


JJH 


JQH 


JSB 


GJU 


6 


CSB 


CST 


CAD 


CAT 


HOT 


AND 


LOR 


DBA 


9 


SUB 


SBE 


ADD 


ADE 


SSC 


CSB 


ASC 


CAB 


•f 


mpy 


DIV 


NDV 


VID 


SfR 


XCB 


SIC 


STB 


- 


3TP 


SIF 


3BQ 


SIA 


9IU 


SfL 


STQ 


SEX 


a 




LDQ 


DAV 


SBM 




LRS 




AR3 



BOTE: AH unaligned orders are Illegal, namely the blanks 
in this table and orders vbose first sexadeclMal digit 
is 0, 1, b, e, or d. 
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